Elevation of cell proliferation via generation of reactive oxygen species by piperonyl butoxide contributes to its liver tumor-promoting effects in mice.
Piperonyl butoxide (PBO) is a pesticide synergist used with pyrethroids as a domestic insecticide, and it acts as a non-genotoxic hepatocarcinogen in rats and mice. To clarify whether oxidative stress is involved in the liver tumor-promoting effect of PBO in mice, male mice were subjected to two-thirds partial hepatectomy, followed by N-diethylnitrosamine (DEN) treatment, and given a diet containing 0.6% PBO for 25 weeks. The incidences of cytokeratin (CK) 8/18-positive foci, adenomas, and carcinomas significantly increased in the DEN + PBO group compared with the DEN-alone group. The PCNA-positive ratio significantly increased in non-tumor hepatocytes, CK8/18-positive foci and adenomas in the DEN + PBO group compared with the DEN-alone group. PBO increased reactive oxygen species (ROS) production in microsomes but did not change oxidative DNA damage as assessed by 8-hydroxydeoxyguanosine (8-OHdG). In real-time RT-PCR, PBO upregulated the expression of genes related to metabolism, such as Cytochrome P450 1a1, 2a5, and 2b10, and metabolic stress, such as Por and Nqo1, but downregulated Egfr and Ogg1. PBO also increased early response genes downstream of mitogen-activated protein kinase (MAPK), such as c-Myc that is induced by excessive ROS production, and G1/S transition-related genes, such as E2f1 and Ccnd1. Thus, PBO can generate ROS via the metabolic pathway without any induction of oxidative DNA damage, activate cell growth, increase c-Myc- and E2F1-related pathways, and act as a liver tumor promoter of DEN-induced hepatocarcinogenesis in mice.